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Abstract 
Despite the widespread provider acceptance of health information systems (HIS), there is little empirical evidence and no clear 
understanding that patient-centered HIS enhance the patient experience. This is especially true for elderly patients, whose 
involvement in their own care, through the use of a HIS, may have a major impact on their experience. In this study, we review 
opportunities for developing HIS features that support the integration of services for elderly patients while providing strategic 
advantages for the provider. We use the customer resource life cycle (CRLC) concept to identify the needs of patients at all 
stages of dealing with provider throughout the care delivery. To do so, we developed a scale that contained multiple statements 
for each of the 13 stages of CRLC. Then, using Q-methodology, we asked elderly patients to sort the statements in regard to HIS 
features that they would find beneficial if they were available to them. Using partial least squares (PLS) analysis, we tested our 
structural model and hypotheses and found that the perceived benefit of a patient-centered HIS has a direct effect on perceived 
patient experience when mediated by patient education. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Conference Program Chairs. 
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1. Introduction 
Information technology, as inclusive of certain operational characteristics, has long been viewed as providing a 
strategic advantage and significant economic impact for organizations across industries1-5. This view has been the 
foundation of information system design studies that go back decades6,7. Organizations came to recognize that 
enabling the customer to be involved in every stage of the service or product purchase through information systems, 
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from helping to establish the need for the product to the disposal of it, enhances the customer-provider relationship. 
It is the relationship between the provider and customer that offers a strategic advantage6. In regard to this 
relationship, Porter’s five competitive forces guide organizations in gaining a competitive edge. McLaughlin8 
explains how strategically designed information systems (ISs) can add value over the cost, and Benjamin et al.9 
noted that IS use, to be strategic, needs to be customer-centered. Finally, Notowidigdo7 stated that strategic IS can 
be viewed as an internal system with a direct impact on the way that the organization operates, and as an external 
system that has an impact on customers through enhanced offerings that result in customer loyalty. 
Involving patients and build a relationship with them is especially important in healthcare because patients often 
feel not in control to diagnosis and treatment decision due to limited information while under the care of a 
provider10. Involving patients in their care and providing access to information and support throughout the 
healthcare process has been shown to increase patients’ confidence in diagnosis and treatment decisions, 
compliance, and, ultimately, satisfaction with their care11, 12. Further, as noted, providers can distinguish themselves 
by using a patient-centered HIS. 
Nevertheless, little attention has been paid to patient-centered HISs. With the proper features and support, 
providers can build a relationship with and the loyalty of customers. This is especially true for elderly patients, who 
often need more frequent and involved care. A patient-centered HIS may help the elderly to better understand the 
care that they receive, conveniently get answers to their questions, and receive support.  
This study aims to determine the patient-centered HIS features that are perceived as beneficial for elderly 
patients and that, in turn, can enhance the patient experience. To this end, the study is guided by the following 
research questions: 
x What are the patient-centered HIS features that are perceived to be beneficial for elderly patients? 
x How does patient-centered HIS relate to perceived patient experience? 
We propose a structural model to reveal the relationship among the identified constructs and to empirically 
validate the proposed hypotheses. We also discuss the practical and theoretical implications of the findings.  
 
2. Research design and methods 
 
To evaluate patient-centered HIS features that are perceived to be beneficial by the elderly and how patient-
centered HIS relates to perceived patient experience, we took the following steps: 
1. We interviewed 12 elderly patients (65 years and above) on their expectations of how a patient-centered 
HIS would benefit them. We defined patient-centered HIS to them as an IS, specifically, a computerized 
application, that is supportive of individual patient needs, preferences, and values throughout the entire care 
process across providers and departments. 
2. We matched their input with the 13 stages of the CRLC to ensure that all input corresponded with one of 
the stages. CRLC is a framework to support relationship development with customers throughout the life 
cycle of the service or products that they acquire from a supplier6. In the healthcare context, we identified 
the provider as the supplier, the patient as the customer, and the care that patients receive as the services. 
3. Using Q-methodology, we created 39 Q-sorts, which were statements generated from the 13 stages of 
CRLC, with three statements for each stage. We then asked another sample of 68 elderly patients to 
indicate whether they agreed or disagreed with the statements and to place them into a pre-defined layout 
of a Q-sort score sheet. This allowed us to identify the subjectivity in regard to HIS features found 
important by groups of elderly patients who share highly similar statement rankings. 
4. We performed by-person factor analysis to identify the groups who share highly similar and distinguished 
viewpoints on the importance of certain stages of the CRLC framework. Those stages that were found 
important (ranked as “highly agree”) were hypothesized to be positively related to the perceived benefits of 
a patient-centered HIS. Then we hypothesized that the perceived benefits of a patient-centered HIS would 
be positively correlated with perceived patient experience if those stages were supported by specific HIS 
features 
5. We developed the theoretical model that captures the result of the Q-methodological approach and our 
proposed hypotheses. We also measured the mediating effect of patient education/support. 
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3. Theoretical background 
 
We used CRLC as a model for analysis of innovation opportunity of a patient-centered HIS for the elderly. 
CRLC begins with the concept that finding the right provider and the right service takes a considerable amount of 
time. If the supplier assists the customer with this stage of CRLC, it may be able to differentiate itself from the 
competition. This assistance is especially important with elderly patients, who need considerable support and 
education on the proper use of information systems to get the most value from them. As noted, CRLC represents the 
stages of the customer-supplier relationship, from establishing the relationship to monitoring the services used. The 
process not only creates trust loyalty but also introduces switching cost that makes it more challenging to leave the 
provider13. When a patient invests time to learn a system and finds it useful and beneficial, he or she is more likely 
to keep using the services that the provider offers. Therefore, the more stages that a patient-centered HIS can 
support, the more likely that the elderly recognize value and stay with the provider. CRLC is also beneficial to 
identifying the stages in which a provider is less likely to attract elderly patients, and IS development can be 
concentrated where higher value may be realized for the customers. 
The framework proposed by Ives and Learmuth6 has not been empirically tested in the healthcare domain, only 
in the eCommerce context14, 15. In addition, research has shown that not all stages are applicable in all domains.16, 17 
Our study is the first to empirically test CRLC applicability in the healthcare domain in terms of enhancing elderly 
patients’ experience. 
We utilize a Q-methodology18, 19, which is qualitative-quantitative method used to explore, analyze, evaluate, and 
compare subjectivity in humans (e.g., viewpoints, opinions, beliefs, attitudes) in a holistic manner.20 Q-studies are 
designed to extract the different viewpoints of the participants while identifying the similarities and distinctions 
across all opinions.  
 
4. Research Model and hypotheses 
 
Patient satisfaction and adherence is found to be positively affected by patient experience11, 12. Hospitals strive to 
enhance their services to achieve high patient satisfaction. We developed a theoretical model based on the results of 
the Q-methodology and examined derived factors’ effect on the perceived benefits of a patient-centered HIS and its 
effect on perceived patient experience. 
After qualitative translation of the by-person factor analysis, we found the following common characteristics 
through factor loadings. Elderly patients indicated that a patient-centered HIS would be beneficial if the provider 
and services required could be recommended based on identified symptoms. They felt that it would save them time 
if they could go directly to specialists, based on their symptoms and visit history, rather than going to their general 
practitioner first. This is in keeping with Stages 1–3 of CRLC: Establish and specify customer requirements, and 
match customer with supplier. The patients also felt that online appointment scheduling with reminders would be 
useful. This corresponds with CRLC Stage 5: Authorize and pay for goods or services. Elderly patients also would 
find a patient-centered HIS beneficial if their use of prescribed medication and its effects could be monitored by a 
wearable device and, when their medication needs to be refilled, it could be delivered to their home. This is in 
keeping with CRLC Stages 9–11: Monitor use and behavior, upgrade if needed, and provide maintenance. Finally, 
some elderly patients felt that reporting on their payments and medication, if available through a patient-centered 
HIS, would be beneficial. This corresponds with Stage 13: Keep financial records of purchases. Table 1. Indicates 
the factor characteristics that grouped together and their qualitative translation. 
 
Table 1. Factor loadings and group characteristics 
 Factors Retained 
Premise 
Service and 
Provider 
Specification 
Appointment 
Scheduling Fee Schedule 
Medication 
Monitor and 
Refills Reporting 
CRLC Stages 1–3 4 5 9–11 13 
Number of Defining Sorts 25 18 14 9 3 
Composite Reliability 0.91 0.89 0.9 0.94 0.88 
Explained Variance 21% 18% 13% 11% 8% 
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The qualitative characteristics of the factor loadings resulted in five groups that represent highly similar groups 
of statements with which respondents agreed. These five appear to cover most stages of the CRLC framework, and 
we included them in the theoretical framework (Figure 1) as proposed sources of perceived benefit of a patient-
centered HIS. We also added patient education as a mediator between the predictor and outcome variables, as the 
literature suggests that patient education has a positive effect on patient experience. 
The literature lacks empirical tests of CRLC. Therefore, we developed a survey questionnaire that contains items 
that represent the common groups that we derived from the factor loadings. The items concerned whether the HIS 
features identified would be beneficial to respondents’ care if the features were available through a user-friendly 
electronic platform. For indirect, reflective measurement items, respondents were asked to use a 5-point Likert scale 
(1 = strongly disagree, 5 = strongly agree). After a pilot study, we administered the survey though an online survey 
software program, with the expectation that respondents had basic computer literacy. We used convenience 
sampling and asked respondents to forward the survey questionnaire to other elderly patients. 
Patient experience has been found to be directly related to better patient engagement and adherence11, 12. The 
literature provides a wide range of sources for measuring patient experience often referring to patient surveys 
regarding to care received and the way providers interacted with the patients.23-27 Involving patients can also 
increase patient experience11, 12 yet the role of patient-centered HIS in patient experience escaped scrutiny in the 
literature and is limited to patient quality of life28. Elder patient experience affected by patient-centered HIS needs 
additional studies to formulate a better understanding. Thus, we investigated the effect of perceived benefits of a 
patient-centered HIS on the perceived patient experience for the elderly patients and we hypothesized (H1) that 
older patients who had a higher level of perceived benefits of patient-centered HIS are more likely to perceive a 
more positive patient experience. As noted, the sources of the perceived benefits of a patient-centered HIS were 
identified thorugh a Q-methodology and measured through items based on the literature. We hypothesized that the 
perceived benefits of a patient-centered HIS is positively affected by the following HIS features: service and 
provider specifications (H2), appointment scheduling (H3), fee schedule (H4), medication monitoring and refills 
(H5), and reporting (H6). We used general self-efficacy, computer self-efficacy, and healthcare self-efficacy as 
control variables, as they may potentially influence the dependent variable of perceived patient experience.  
 
5. Measurement validation 
 
Following common practice in PLS-PM analysis, we first investigate the reliability and validity of the measures 
used to represent the latent variables29. As required by PLS-PM, all indicator variables relate positively to their 
respective latent variables30. 
We achieved internal consistency that exceeded 0.90, which was considered adequate for all principal constructs. 
Construct validity was tested through convergent (items that should be related are, indeed, related) and discriminant 
(items that should not be related are, indeed, not related) validity checks. We found that correlations among all 
constructs were below 0.90 but, to an extent, were related, and almost all were statistically significant at the p < 0.05 
and p < 0.01 levels. The square root of average variance extracted (AVE) was greater than that of any other cross-
correlations, and AVEs were greater than 0.5, which indicates that the principal constructs capture higher construct-
related than error-related variance. Principal component factor analysis showed that all items loaded on their 
corresponding constructs and with higher factor loadings than cross-loadings, while confirmatory factor analysis 
confirmed that items loaded to their principal constructs with clear loading patterns. 
 
6. Structural test 
 
We tested the structural model against the hypotheses through path coefficients, statistical significance, and R-
squared value. Path coefficients concern the strength of the relationship between the independent and dependent 
variables, and R-squared values indicate the predictive power of the model31. We used a nonparametric 
bootstrapping technique to calculate the t-statistics values in SmartPLS to determine the statistical significance of 
the path coefficients32, 33. We used the full sample to test the six hypotheses that we developed. The standardized 
PLS path coefficients, R2, total and mediated effects, and control variables used to test the structural model are 
shown in Figure 1. 
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Figure 1. Structural model test results 
 
When a predictor variable’s significant effect on the outcome variable weakens through the introduction of a 
mediator, an indirect or mediated effect is supported34. 
To test the mediating effect of patient education, we used Baron and Kenny’s34 test for mediation. We found that 
patient education had a significant effect on perceived patient experience. The Sobel test statistics was greater than 
.96 and we concluded that patient education partially mediates the effect of patient-centered HIS on perceived 
patient experience. 
All hypotheses were supported with statistically significant path coefficients except reporting. The low number of 
defining sorts indicated that this HIS feature may only be found beneficial by a small portion of elder patients.  
  
7. Discussion 
 
We investigated the possible features of a patient-centered HIS that elderly patients may find beneficial during 
the care process and relationship between perceived benefit of patient-centered HIS and perceived patient 
experience. We used CRLC as the framework for our study not only because it includes features that enhance the 
provide-patient relationship but also because its use also may give the provider a competitive advantage through the 
strategic application of patient-centered HIS. 
The findings of this study contribute to theory by providing an application of CRLC in the healthcare domain. 
Although the model has previously been investigated mainly in the ecommerce context, we had found that most 
stages apply to the HIS setting as well. Some studies have suggested that not all 13 stages are applicable in all 
circumstances, and, indeed, we found that only nine were applicable based on respondents’ Q-sorts and their factor 
analysis. The focus of the study was the elderly population who are known for their lack of technology acceptance, 
especially in the healthcare setting. Therefore, instead of providing pre-determined HIS features and asking them 
whether they found them beneficial, we allowed them to identify their subjective input through the Q-sorts. The PLS 
analysis confirmed that all but one feature are positively associated with the perceived benefit of a patient-centered 
HIS. The result for reporting was non-significant and, as such, did not support H6. 
Patient experience represents an increasingly important factor in selecting a healthcare provider. The patent-
centered HIS features identified in this study have been empirically shown to have a positive effect on the perceived 
benefits of patient-centered HIS. Our findings can be used by software vendors to guide their patient-centered 
software design and by providers when choosing an HIS that not only enhances patient experience but also provides 
a competitive advantage. Healthcare providers need to recognize that customer satisfaction can be enhanced by a 
patient-centered HIS that may help to address quality issues; answer patient questions in a timely and convenient 
manner; and, overall, engage, attract, and retain patients.  
We also found the partial mediating effect of patient education, which is supported by the literature. This finding 
adds to the practical contribution of our study by suggesting the positive effect of patient education, as coupled with 
a patient-centered HIS, on patient experience. 
This study has some limitations that affect the generalizability of our study. We considered only elderly patients 
who already had some level of computer literacy and they not represent the majority of elderly patients. The 
majority of elderly patients, however, still lack basic computer skills, and, thus, the usability by the elderly of the 
features identified in this study should be further investigated. The low number of respondents also is of concern; 
however, the Q-methodology suggested the relationship between the features and the perceived patient-centered 
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benefit of HIS.  
Our study provide the initial steps toward understanding the HIS features that elderly patients may find useful 
throughout their care process.  
References 
1. Kohli R., and Devaraj S. Measuring Information Technology Payoff: A Meta-Analysis of Structural Variables in Firm-Level Empirical 
Research. Information Systems Research. 2003;14(2):127-145  
2. Mahmood MA, and Mann GJ. Special Issue: Impacts of Information Technology Investment on Organizational Performance. Journal of 
Management Information Systems. 2000;17(1):3-10.  
3. Melville N, Kraemer K, and Gurbaxani V. Review: Information Technology and Organizational Performance: An Integrative Model of IT 
Business Value. MIS Quarterly 2004;28(2):283-322  
4. Wade M, Hulland J. Review: The Resource-Based View and Information Systems Research: Review, Extension, and Suggestions for Future 
Research. MIS Quarterly. 2004; 28(1):107-142.  
5. Masli A, Richardson VJ, Sanchez JM, and Smith RE. Returns to IT Excellence: Evidence from Financial Performance Around Information 
Technology Excellence Awards. International Journal of Accounting Information Systems. 2011;12(3):189-205 
6. Ives B, Learmonth GP. The Information System as a Competitive Weapon. Communications of the ACM. 1984;27(12):1193-1201. 
7. Notowidigdo MH. Information systems: Weapons to gain the competitive edge. Financial Executive, 1984;5(3):20-5. 
8. McLaughlin M, Howe R, Cash J. Changing competitive ground rules-The impact of computers and communications in the 1980s Unpublished 
Working Paper, 1983. 
9. Benjamin RI, Rockart JF, Morton MSS, and Wyman J. Information Technology: A Strategic Opportunity. Sloan Management Review 
1984;25(3):3-10. 
10. Johnson GL, Ramaprasad A. Patient-physician relationships in the information age. Marketing Health Services. 2000;20(1):20–7. 
11. Greenfield S, Kaplan SH, Ware JE. Expanding patient involvement in care: effects on patient outcomes. Ann Intern Med 1985;102(4):520–8. 
12. Cleary PD, McNeil BJ. Patient satisfaction as an indicator of quality care. Inquiry. 1988;25(1):25-36. 
13. Wang HL, Huang JY, Howng SL. The effect on patient loyalty of service quality, patient visit experience and perceived switching costs: 
lessons from one Taiwan university hospital. Health Serv Manage Res. 2011;24(1):29-36. 
14. Gonsalves G, Lederer A, Mahaney R, Newkirk H. The Customer Resource Life Cycle: An Empirical Validation. AMCIS 1999;142. 
15. Liang T. An empirical study on consumer acceptance of products in electronic markets: A transaction cost model. Decision support systems, 
1998;24(1):29-43. 
16. Ragowsky A, Gefen D. What makes the competitive contribution of ERP strategic. DATA BASE. 2008;39(2):33-49 . 
17. Walter S, Spitta T. Approaches to the exante evaluation of investments into information systems. Wirtschaftsinrorm. 2004;46(3):171-180.  
18. Brown SR. A Primer on Q Methodology. Operant Subjectivity. 1993;16(3-4):91-38. 
19. Stephenson W. The Study of Behavior. Chicago: University of Chicago Press. 1953. 
20. Akhtar-Danesh, N, Baumann A, Cordingley L. Q-methodology in Nursing Research: A Promising Method for the Study of Subjectivity. 
Western Journal of Nursing Research. 2008;30(6):759-773. 
21. Farley DO, Elliott MN, Short PF, Damiano P, Kanouse DE, Hays RD. Effect of CAHPS performance information on health plan choices by 
Iowa Medicaid beneficiaries. Medical Care Research and Review. 2002;59(3):319–336. 
22. Hibbard JH, Jewett JJ. What type of quality information do consumers want in a health care report card? Medical care research and review: 
Medical Care Research and Review. 1996;53(1):28–47. 
23. Kolstad JT, Chernew ME. Quality and consumer decision making in the market for health insurance and health care services. Medical Care 
Research and Review. 2009;66(1 Suppl):28S–52S. 
24. Spranca M, Kanouse DE, Elliott M, Short PF, Farley DO, Hays RD. Do consumer reports of health plan quality affect health plan 
selection? Health Services Research. 2000;35(5 Pt 1):933–947. 
25. Anhang PR, Elliott MN, Zaslavsky AM, Hays RD, Lehrman WG, Rybowski, L, Cleary PD. Examining the role of patient experience surveys 
in measuring health care quality. Medical Care Research and Review. 2014;71(5):522-554. 
26. Gustafson DH, Hawkins RP, Boberg EW, Pingree et al. Impact of a patient centered computer-based health information/support system. Am. J. 
Preventive Med. 1999;16(1):1–9. 
27. Chin WW. How to write up and report PLS analyses. In Esposito, V., et al. (eds.), Handbook of Partial Least Squares (pp. 655 – 688). New 
York: Springer-Verlag. 2010. 
28. Sanchez G, PLS Path Modeling with R. Trowchez Editions. Berkeley, 2013. 
29. Barclay D, Higgins C, Thomson R. The partial least squares approach to causal modeling, personal computer adoption and use as an 
illustration. Technology Studies, 1995;2(2):285-309. 
30. Efron B, Tibshirani RJ. An Introduction to the Bootstrap, Chapman Hall: New York. 1993. 
31. Davison AC, Hinkley DV. Bootstrap Methods and Their Application, Cambridge University Press: Cambridge. 1997. 
32. Baron RM, Kenny DA. The moderator-mediator variable distinction in social psychological research: conceptual, strategic, and statistical 
considerations. Journal of Personality and Social Psychology. 1986;51(6):1173–1182. 
